Gamma Interferon Release Assays for Diagnosis of Tuberculosis Infection in Immune-Compromised Children in a Country in Which the Prevalence of Tuberculosis Is Low
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Children have a higher risk than adults of developing severe active tuberculosis (TB), and this risk further increases in patients undergoing long-term immune-suppressive therapies, including treatment with tumor necrosis factor alpha (TNF-␣) blockers (12) . In this setting, detection of TB infection may be difficult due to high rates of falsely negative results of tuberculin skin testing (TST) (2) . Blood tests detecting gamma interferon (IFN-␥) release by effector memory T cells stimulated with Mycobacterium tuberculosis antigens are currently available (8, 13) . They rely on the use of two region-of-difference (RD-1)-encoded genes, namely, ESAT-6 and CFP-10. To date, RD-1 has been found to be restricted to the M. tuberculosis genome, whereas it is absent from the M. bovis BCG strains and most environmental mycobacteria. Overall, IFN-␥ release assays (IGRAs) are more specific than TST, correlate better with TB exposure, and are more sensitive in detecting active TB, at least in settings in which the prevalence of the disease is low (11) . They also perform better with immune-compromised adults, and encouraging results have been reported in studies of children (4, 5, 6, 14, 17) . Three Food and Drug Administration-approved IGRAs are commercially available: the enzyme-linked immunospot (ELISPOT)-based T-Spot.TB (TS-TB) assay (Oxford Immunotech, Abingdon, United Kingdom) and two whole-blood enzyme-linked immunosorbent assay (ELISA)-based tests, the QuantiFERON TB Gold assay and the QFT in-tube (QFT-IT) assay (Cellestis, Carnegie, Australia). QFT-IT is the latest improvement in this technology and includes a third antigen, namely, TB7.7. The aim of this prospective study was to perform head-to-head comparisons of TS-TB and QFT-IT performance to TST performance for TB infection-screening purposes for immune-compromised children, potentially at high TB risk, in a setting in which the prevalence of the disease is low.
A total of 80 consecutive Italian human immunodeficiency virus-negative immune-compromised children were enrolled. Demographics and clinical characteristics of the study population are reported in Table 1 . The diagnostic preliminaries included a physical examination, routine blood tests, a chest X-ray, TST, and IGRAs. A cutoff value of 5 mm was chosen to represent a positive TST result for all cases (1) . Performance and data analysis of TS-TB and QFT-IT were realized according to the instructions of the manufacturers. Spot-forming cells were counted with an automated ELISPOT reader (AID Systems, Strassberg, Germany). IFN-␥ concentrations (expressed in international units per milliliter) were measured with an automated ELISA reader. IGRAs were performed by highly specialized laboratory staff with more than 3 years of experience in the field. The local Ethics Committee approved the study, and the patients or their parents provided oral consent.
Test performance comparisons were realized with the Cochran test. The kappa (; Cohen test) measurement method was used to determine test agreement. Determinations of correlations between tests and clinical parameters were performed using a chi-square test or Fisher's exact test. A P of Ͻ0.05 was considered significant.
TST and QFT-IT gave a positive result for one (1.2%) patient, while a significantly higher (9.4%) proportion of cases were positive by TS-TB (P ϭ 0.02). Mean analytical TS-TB and QFT-IT results are shown in Table 2 and The increasing number of iatrogenic immune-compromised children emphasizes the need of early TB screening, even in countries in which the prevalence of the disease is low (7, 10) . Due to poor TST reliability, the performance of two commercial IGRAs was evaluated for TB infection-screening purposes for children receiving immune-suppressive therapies, including TNF-␣ blockers.
Unlike TST and QFT-IT, TS-TB yielded a surprisingly high proportion of positive results, approaching a worrying 10% of patients. A recent meta-analysis by Pai et al. has shown that IGRA specificity does not differ significantly from TST specificity for immune-competent patients with no confounding factors, such as BCG vaccination. Pooled IGRA sensitivity is also equivalent to TST sensitivity but, in certain studies, was higher TS-TB sensitivity (15) . Although in our case series such a finding may represent the expression of higher TS-TB sensitivity, the possibility of lower specificity due to the lack of a gold standard for latent TB infection diagnosis cannot be excluded. To this end and to ensure that the IGRAs were properly performed, we tested 18 children with active pulmonary TB (3). Both commercial IGRAs scored a positive result in 77% (14/18) of the cases, whereas TST gave positive results in 72% of the cases. Only one indeterminate result was observed with QFT-IT. Discrepancies between commercial IGRA results are a recent issue of concern (9). Poor agreement between TS-TB and QFT-IT may stem from technical differences in test formats, with the ELISPOT-based assay accounting for an increased intrinsic sensitivity (11) . Conversely, ELISAbased assays (mainly QuantiFERON TB Gold) more frequently score indeterminate results for immune-compromised patients, including children (11, 15) . This, however, was not the case in our setting, as high rates of indeterminate results were scored by both IGRAs (P, not significant). Cross-reactivity with other mycobacteria may also explain TS-TB-positive results. Indeed, M. kansasii and M. bovis, the latter of which exhibits quite diffuse circulation in our geographic area, also express ESAT-6 and CFP-10 (11). In addition, although no TB risk factors were recorded for any patient, repeated hospitalization may have accounted for unrecognized TB exposure in some instances. Finally, the finding that most of the TS-TB-positive results were found among patients on TNF-␣ blockers was surprising, since these drugs suppress T-cell responses (16) , and unspecific immune reactivity of underlying rheumatic diseases may offer only a partial explanation.
From a clinical point of view, the main issue that arises from our study concerns evaluation of "isolated" IGRA (TS-TB)-positive results in accordance with the patient characteristics and the epidemiological setting. Are these true-positive or false-positive results? This is a key question, as it implies critical decisions in patient management. In the case of suspected TB infection, likely strategies may be (i) to stop immunesuppressive treatment for patients affected by severe immune disorders for whom few alternatives are available, or (ii) to start patients on anti-TB therapy, which is, in turn, associated with important side effects. Our position has been to take a "wait and see" approach until further evidence of TB infection becomes available. As we have not yet detected any cases of active TB, it could be speculated that TS-TB yielded falsepositive results.
In conclusion, due to high rates of discordant and indeterminate results, IGRAs are of little help for TB infection management for immune-compromised children in a country in which the prevalence of the disease is low. a TB risk factors included recent exposure to active TB cases, a recent stay in a country with a high prevalence of TB, and previous active TB or X-ray sequelae.
b Immune-suppressive treatment included the use of etanercept (n ϭ 17), tacrolimus (n ϭ 42), cyclosporine (n ϭ 22), prednisone (n ϭ 13), mycophenolate (n ϭ 9), methotrexate (n ϭ 8), thalidomide (n ϭ 1), and azathioprine (n ϭ 1). A total of 55 (69%) children were on single-drug regimens, 18 (22%) on twodrug regimens, and 7 (9%) on three-drug regimens. 
a Data are expressed as means Ϯ standard deviations ͓median͔. n, number of patients.
b A result showing a total of 0 to 5 spots was designated a positive result for the control; a result showing Ն6 spots was designated a positive result for TB antigen-stimulated samples. A result showing a total of 6 to 10 spots was designated a positive result for the control; a result showing at least twice the number of spots seen with the control was designated a positive result for TB antigenstimulated samples. A result showing a total of 11 to 20 spots was designated a positive result for the control; a result showing at least triple the number of spots seen with the control was designated a positive result for TB antigen-stimulated samples.
c SFCs, spot-forming cells. d Results for which the positive criteria not met were designated negative results.
e Results showing that the TB antigen-stimulated samples and positive control were not responsive were designated indeterminate results.
f PHA, phytohemagglutinin. 
